The impact of hypertensive (HTN) donor grafts on the prognosis of simultaneous liver-kidney transplantation (SLKT) patient is not known, and an applicable risk scoring system for SLKT patient survival is lacking. This study aimed to evaluate the impact of donor HTN on patient survival of SLKT recipients and to identify independent risk factors.
Background
Simultaneous liver-kidney transplantation (SLKT) is effective for treating patients with end-stage liver disease combined with acute or chronic renal insufficiency [1, 2] . During the past 15 years, the use of SLKT has obviously increased with the utilization of the model for end-stage liver disease (MELD) scoring system [3] [4] [5] . Because the number of patients needing to be transplanted far exceeds the availability of donor organs [6] , reasonable use of scarce organs and evaluating donor-associated risk indexes of patient prognosis post-transplantation become quite important in clinical practice. It is well known that hypertension is a common chronic disease worldwide; previous reports suggested a 28-30% percent prevalence of hypertension in the 18-year-old and older population of the United States [7] [8] [9] . Therefore, some organ donors have had a history of hypertension. In addition, in recent years, researchers have noticed the impact of using grafts from hypertensive (HTN) donors on patient outcomes in liver transplantation and kidney transplantation.
Several studies have evaluated the effect of HTN donors on the outcomes of kidney transplantation. It has been demonstrated that a history of donor hypertension was associated with an increased risk of poor survival in kidney transplantation recipients [10, 11] . In parallel with these findings, there are also studies [12, 13] reporting that having a donor with hypertension is a poor prognostic factor for survival of liver transplantation recipients. However, the effects of HTN donors on the survival outcomes of SLKT patients are not known to date. Given that the number of SLKT procedures is increasing and 5-year patient survival is not high, there has been great interest in identifying factors that predict poor outcome. Prior studies [14] [15] [16] utilizing the United Network for Organ Sharing (UNOS) database have reported some independent risk factors associated with patient survival after SLKT, but they concluded that the risk factors were inconsistent. Evaluating patient prognosis before SLKT is meaningful to surgeons as well as patients. However, an applicable risk scoring system for SLKT patient survival is currently lacking in clinical practice.
In the present study, we analyzed the SLKT data from March 2002 to December 2014 from the Scientific Registry of Transplant Recipients (SRTR) database. This large organ transplantation registry in the United States was used to compare the patient survival outcomes for SLKT using HTN donors vs. survival in patients with non-HTN donors. Additionally, we sought to find factors associated with poor outcomes after SLKT, and we attempted to develop a clinical risk scoring system applicable for SLKT patient survival.
Material and Methods

Patient population
This study was a retrospective analysis of data from the SRTR database. The SRTR data system includes data on all donors, wait-listed candidates, and transplant recipients in the United States, submitted by the members of the Organ Procurement and Transplantation Network (OPTN), and has been described elsewhere [17] . The Health Resources and Services Administration (HRSA), U.S. Department of Health and Human Services, provides oversight of the activities of the OPTN and SRTR contractors. The present study was reviewed and approved by the Ethics Committee of Sun Yat-sen University. Adult patients (18 years and older) who underwent SLKT with grafts from deceased donors between March 2002 and December 2014 in the United States were evaluated in this study. Patients undergoing a previous transplant or being transplanted with other organs were excluded. Finally, 3844 SLKT adult patients were enrolled in the analysis. The process of study cohort selection is shown in Supplementary Figure 1 . Pre-transplant variables of the 3844 SLKT patients were evaluated in this study. The variables for which missing data were >10% (such as donor PH missing 11.2% and warm ischemia time for the liver missing 22.3%) were excluded from the analysis.
Patient survival was defined as the time from transplantation to death. Liver allograft survival was considered as being from the time of primary transplantation to graft loss. Kidney allograft survival was considered as being from the time of primary transplantation to the initiation of dialysis or re-transplantation. An HTN donor was identified in the SRTR data set by the code "donor history of hypertension=yes". Patients in the HTN donor group and non-HTN donor group were compared for the following donor characteristics: age, cause of death, history of diabetes, donor type (DBD or DCD), highest creatinine level pre-transplant, expanded criteria donor kidney, cold ischemia time (CIT) for the liver, and CIT for the kidney. They were also compared for the following recipient characteristics: age, sex, medical condition before transplantation (not in hospital, in hospital, or in ICU), HCV status, need for life support, level of albumin before transplantation, diagnosis (HCC or no HCC), ascites, hepatic encephalopathy, dialysis, race, and MELD score.
Statistical analysis
The clinical and demographic characteristics of the 2 groups are presented as frequencies and proportions (categorical variables) or as the mean ± standard deviation (continuous variables). Chi-square test or t test was used to compare the difference between the HTN donor group and non-HTN donor group. Transforming from continuous variables (donor age, recipient age, recipient serum albumin level before transplant) to categorical variables was based on the methods of a previous study [18] . Cox proportional hazard regression models with stepwise methods were built to identify independent risk factors associated with patient and graft survival. Variables demonstrating significance in the univariate regression model (p<0.05) were included in the multivariate regression model. Multivariable Cox regression was used to test for differences in patient and graft survival between the HTN donor group and the non-HTN donor group; the covariates adjusted included donor age, donor sex, donor race, cause of donor death, donor history of diabetes, deceased donor type (DCD and DBD), expanded criteria donor kidney, recipient age, recipient serum albumin level pre-transplant, liver CIT, recipient HCV status, need for life support, and recipient condition at transplant. The results are presented as hazard ratio (HR) with 95% confidence interval (CI). A receiver operating characteristic (ROC) analysis was conducted to assess the performance of the prognosis model. All statistical analyses were performed using Statistical Package for the Social Science (SPSS) for Windows, version 22.0 (IBM, USA). Results were considered significant when a p value was less than 0.05. The clinical and demographic characteristics of the 2 groups are compared in Table 1 (donor characteristics) and Table 2 (recipient characteristics). The non-HTN donor group and the HTN donor group were quite similar for 3 donor characteristics (highest creatinine level, liver graft CIT, and kidney graft CIT) and characteristics for all recipients (sex, age, race, BMI, medical condition pre-transplant, HCV status, need for life support, MELD scores, albumin, ascites, hepatic encephalopathy, HCC, and dialysis status before transplant). The proportion of females was much higher in the HTN donors than in the non-HTN donors (51.2% vs. 34.7%, p<0.0001). The non-HTN donors were younger than the HTN donors (32.6±13.7 years vs. 48.7±10.4 years, p<0.0001). The proportion of white race was much higher in the non-HTN donors than in the HTN donors (83.2% vs. 73.4%, p<0.0001). The most common cause of death was head trauma followed by stroke in non-HTN donors, while the most common cause of death was stroke followed by anoxia in HTN donors, and the difference was significant 
Results
Overview
Outcomes in HTN donors compared with non-HTN donors
SLKT patients receiving grafts from HTN donors had significantly shorter 5-year survival rates than did SLKT patients receiving grafts from non-HTN donors, according to KaplanMeier survival analysis (50.1% vs. 63.2%, p<0.0001, Figure 2A ). Furthermore, in the subgroup analysis based on duration of HTN history, recipients receiving grafts from donors with >5 years of HTN history had a significantly shorter 5-year survival than did recipients receiving grafts from non-HTN donors (43.8% vs. 63.2%, p<0.0001). Recipients receiving grafts from donors with >5 years of HTN history also had a shorter 5-year survival than did recipients receiving grafts from donors with £5 years HTN history (43.8% vs. 56.3%, p<0.0001). The 5-year patient survival rates in SLKT patients receiving grafts from non-HTN donors and in recipients receiving grafts from donors with £5 years HTN history were 63.2% and 56.3%, respectively. However, the difference was not significant (p=0.168, Figure 3A ).
The 5-year liver graft survival rates in SLKT patients receiving grafts from HTN donors and from non-HTN donors were 54.7% and 58.4%, respectively. The difference was not significant (p=0.586, Figure 2B ). In the subgroup analysis, the 5-year liver graft survival rates in SLKT patients receiving grafts from non-HTN donors, donors with £5 years HTN history and donors with >5 years HTN history were 58.4%, 55.8% and 52.2%, respectively. The difference between each of the 2 groups was not significant (donors with £5 years HTN history vs. Figure 3B ).
SLKT patients receiving grafts from HTN donors had significantly shorter 5-year kidney graft survival rates than did those receiving grafts from non-HTN donors (45.4% vs. 67.8%, p<0.0001, Figure 2C ). Figure 3C ).
Risk factors of patient and graft survival in adult SLKT
The univariate analysis identified 16 potential risk factors (Supplementary Table 1 
Risk score stratification
Based on the analysis of the multivariate Cox proportional hazard regression model, a clinical risk scoring system applicable to SLKT patient survival was established. Risk score points were assigned to the 9 factors associated with poor outcomes after SLKT (Table 3) . Total risk scores were calculated by summing all points of the 9 independent predictors for each patient (Table 4 ). The range of the total risk scores were from 0 to 30 points. Next, according to the inter-quartile range of the total risk scores, the whole cohort was stratified into the following 4 groups: a low-risk group (score 0-11 points, 957 patients, 24 Figure 4 ). The AUC value of the ROC analysis in this model was 0.762 (95% CI: 0.739-0.785).
Discussion
Hypertension is an important component of the expanded criteria donor definition [19] , and it has been reported that donor hypertension is associated with increased risk of poor survival outcomes in kidney transplantation recipients and in liver transplantation recipients. However, the effects of HTN donors on the survival outcomes of SLKT patients are not known. Furthermore, the risk factors associated with the survival outcomes of SLKT patients are unclear, and an applicable risk scoring system is lacking in clinical practice. In the present study, we found, first, that having an HTN donor was an independent risk factor associated with SLKT patient survival by Kaplan-Meier and multivariate regression analysis. SLKT patients with grafts from HTN donors had a significantly lower 5-year survival rates than did those receiving grafts from non-HTN donors. Additionally, we established a clinically applicable risk-scoring system for SLKT patient survival based on the analysis of the multivariate Cox regression model. To the best of our knowledge, our study is the first to show that having an HTN donor is an independent risk factor of adult SLKT survival, with concurrent development of a clinical risk scoring system suitable for SLKT patient survival.
Hypertension is a common chronic disease worldwide. HTN donors account for a certain proportion of all donors, both in liver transplantation and kidney transplantation. In this study, the proportion of HTN donors was approximately 22.0% (844/3844). Several studies have demonstrated that having an HTN donor a poor prognostic factor in the survival of kidney transplantation recipients. Watson et al. [10] showed that a history of donor hypertension was associated with increased risk of poor survival outcome in kidney transplantation recipients. A previous study has shown that duration of donor hypertension was an independent risk factor for graft survival in deceased renal transplant recipients [20] . Fraser et al. [21] found that donor hypertension was an independent predictor of poor kidney graft survival. In a retrospective single-center study, Singh et al. [19] showed that history of donor hypertension is associated with worse graft function and an increased risk of graft loss in recipients of kidney transplantation. The reason why donor hypertension induces lower survival in transplanted recipients is probably the inferior function of the organs from HTN donors. Early graft function is associated with donor hypertension after renal transplantation [22] . A previous study [23] documented that donor hypertension is associated with low estimated glomerular filtration rate in kidney transplantation recipients. In an animal model of allogeneic kidney transplantation, Pratschke et al. [24] revealed that donor hypertension can intensify the chronic injury of the allografts in recipients. After transplantation, kidney allografts from HTN animals showed accelerated deterioration in structure and function. Recently, Li et al. [11] proposed that the risk of post-transplantation death was increased with donor hypertension. Similarly, in the present study, we also found that donor hypertension was an independent risk factor associated with patient survival and kidney graft survival in SLKT recipients. In our subgroup analysis of patient survival in those having HTN donors compared with non-HTN donors, recipients receiving grafts from donors with >5 years HTN history had a significantly shorter 5-year survival than recipients receiving grafts from non-HTN donors (43.8% vs. 63.2%, p<0.0001) and recipients receiving grafts from donors with £5 years HTN history (43.8% vs. 56.3%, p<0.0001). In terms of kidney graft survival, patients who received transplanted grafts from donors with £5 years HTN history or from donors with >5 years HTN history had significantly shorter 5-year kidney graft survival rates than receiving transplanted grafts from non-HTN donors (48.5% vs. 67.8%, p=0.004; 33.9% vs. 67.8%, p<0.0001). These results imply that the increased duration of donor HTN history is associated with poorer prognosis in SLKT. For future allocation of donor organs to SLKT recipients, using the grafts from donors with >5 years HTN history should not be considered, but grafts from donors with £5 years HTN history should be used cautiously. In terms of improving the prognosis of SLKT recipients, donors with >5 years HTN history could be excluded from the donor list but donors with £5 years HTN history should not.
In some previous studies, having a donor with hypertension was related to poor outcomes for liver transplantation recipients. Campos-Varela et al. [12] found donor hypertension was significantly associated with graft loss among liver transplant recipients with human immunodeficiency virus in a univariate analysis. Alamo et al. [13] found donor hypertension was suggestive of poor prognostic factors in liver transplant recipient survival. Recently, in an analysis of the SRTR database, Hu et al. [25] found that liver transplant recipients of HTN donor grafts have poorer graft and patient survival than those of non-HTN donor grafts. However, in the present study, we found that having a donor with hypertension is not a poor prognostic factor for patient survival and liver graft survival in SLKT recipients. The 5-year liver graft survival rates in SLKT patients receiving grafts from HTN donors were similar to those for SLKT patients receiving grafts from non-HTN donors. In the subgroup analysis, the differences in 5-year liver graft survival rates in SLKT patients receiving grafts from non-HTN donors, from donors of £5 years HTN history, and from donors of >5 years HTN history were not significant.
Analysis of the UNOS database from 2002 to 2011 by Alhamad et al. [14] revealed DCD, increased recipient BMI, white race, recipient diabetes, decreased recipient albumin, longer ICU stay, delayed graft function, increased donor age, and HCC were associated with worse SLKT patient survival. Later, another study [15] reported lower post-SLKT survival among patients with HCV infection, HCC, and diabetes in an analysis of the UNOS database from 2003 to 2012. Recently, in a study of adult SLKT between 2002 and 2013 from the UNOS registry, increased donor risk index, recipient diabetes, HCV, increased MELD, regional differences, and the need for liver re-transplantation were factors associated with higher post-SLKT mortality [16] . Although the above analyses were from the same database (UNOS), the risk factors of SLKT survival remain controversial. In addition, to the best of our knowledge, an applicable risk scoring system for SLKT patient survival is lacking in clinical practice. In the present study, we also identified donor age, DCD, liver graft CIT, recipient age, recipient condition at transplant, recipient HCV infection, need for life support, and recipient pre-transplant albumin level as independent risk factors associated with inferior patient survival in SLKT recipients. It is widely regarded that DCD, recipient condition at transplant (hospitalization), decreased recipient pretransplant albumin level, and older donor age are associated with worse allograft and patient outcomes in SLKT [14, 26] . Previous reports [15, 16, 26] demonstrated that patients infected with HCV had significantly lower survival following SLKT than patients with non-HCV disease. Prolonged CIT, increased recipient age, and need for life support were associated with inferior outcomes in liver transplantation [27] [28] [29] . In our study, we found 9 independent risk factors of adult SLKT survival. Furthermore, we established a clinically applicable risk scoring system for SLKT patient survival based on an analysis of the multivariate Cox regression model. Patients in the low-risk group had significantly superior survival compared with those in the intermediate-risk group, high-risk group, and very highrisk group. According to the risk scoring model, we should be able to evaluate patient prognosis before SLKT in the clinic.
Based on an analysis of the SRTR database, we found SLKT patient with grafts from HTN donors had inferior patient and kidney graft survival; furthermore, we developed a clinically applicable risk scoring system for SLKT patient survival. Nevertheless, there are some limitations in our study. One limitation is that in the SRTR database some variables have certain missing values; these variables were excluded from the analysis. Moreover, the accuracy of the risk scoring system was not verified in another SLKT cohort. Before broad application of this system in the clinic, it should be verified in different SLKT cohorts.
Conclusions
In conclusion, based on a large cohort, we found that SLKT patients with grafts from HTN donors have an inferior prognosis compared with SLKT patients with grafts from non-HTN donors. A clinically applicable risk scoring system for SLKT patient survival initially has been developed, and it could provide a practical guide for better utilization of the scarce organs in SLKT.
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